The linearity, stability, accuracy and inter-day precisions of the assay method were evaluated in water, soil and rhizomes and leaves of Hedychium coronarium of the Zingiberaceae family. Mato Grosso do Sul is a predominantly agricultural state in Brazil and has many rivers and permanent and seasonal lakes, in which the Hedychium coronarium, an aquatic plant, is found the swampy environments. The prepared samples were analyzed quantitatively by High Performance Liquid Chromatography with PDA and UV detection for the presence of thiamethoxam. The thiamethoxam was recovered from these samples at rates ranging from 81.16% -99.93%. The coefficient of variation in the quantitative analysis of the thiamethoxam was under 5%. The linearity of the method was determined by linear regression. The analysis of the samples spiked with known amounts of analyte demonstrated that the response was proportional to the concentrations of the samples with determination coefficients of r 2 = 0.9992 (water and soil) and r 2 = 0.9990 (leaves and rhizomes) for the linear range of the analytical calibration curves of the samples. The detection limit was 0.36 µg·L -1 and quantification limit was 1.2 µg·L -1 for thiamethoxam. The method was considered sensitive for quantification of the thiamethoxam in water, soil and rhizomes and leaves of Hedychium coronarium.
Introduction
Pesticides are usually studied in terms of their effectiveness in controlling pests and diseases, but recently synthesized molecules have caused physiological effects on plants, capable of modifying their metabolism and morphology, thereby influencing their growth and production [1, 2] .
The introduction of Thiamethoxam ® (Novartis, Switzerland) took place in 1998. Thiamethoxam, 3-[(2-chloro-5-thiazoly)methyl]tetrahydro-5-methyl-N-nitro-4H-1,3,5-oxadiozin-4-imine, belongs to a relatively new class of insecticides known as neonicotinoids, which act as agonists of the post-synaptic nicotinic acetylcholine receptors [1] .
Their physicochemical properties make them useful for a wide range of application techniques, including foliar, seed treatment, soil drench, and stem application. Neonicotinoids show good activity against pest insects resistant to other classes of insecticides such as organophosphates, carbamates, pyrethroids, chlorinated hydrocarbons, and several other classes of compounds [3] .
Thiamethoxam is marketed in Brazil under the brand names of Actara R (Syngenta Crop Protection Ltd., São Paulo, SP) for foliar and soil application and of Cruiser (Syngenta Crop Protection Inc., São Paulo, SP) for seed treatment.
High performance liquid chromatography (HPLC) with UV detection or HPLC-mass spectrometry (HPLC-MS) are currently preferred for the determination of neonicotinoids in environmental samples [4] [5] [6] [7] [8] [9] [10] . Although these methods have provided reliable and accurate quantification of neonicotinoids, they involve tedious sample extraction and cleanup procedures. The thermolability and high polarity of neonicotinoids make them difficult to analyze by gas chromatography (GC) or GC-MS, requiring derivatization of the analytes prior to analysis [11] [12] [13] [14] .
The extensive use of neonicotinoids has led to concern about contamination of surface and ground water [1] , since these compounds show high toxicity for some aquatic organisms, such as Hedychium coronarium Koenig, an aquatic plant of the Zingiberaceae family, which is found in swampy environments of the several rivers and permanent and seasonal lakes of Mato Grosso do Sul, a predominantly agricultural state in Brazil.
The rhizome of H. coronarium is used in Chinese natural medicine, and has been prescribed for treatment of headaches, lancinating pain and contusion inflammatory [15] .
In pharmacological studies of this natural medicine, it was reported that sesquiterpenes of H. coronarium showed inhibitory effects on the release of beta-hexosaminidase. Diterpenes of H. coronarium showed anti-inflammatory and cytotoxic activities [16] [17] [18] [19] [20] [21] [22] .
One study showed that the presence of H. coronarium in wastewater for a period of four months led to a percentage reduction of Biochemical Oxygen Demand in 90.7%, of Chemical Oxygen Demand in 81.1% and of Thermotolerant Coliforms in 99.99998%. The system was therefore considered efficient in treating the wastewater, meeting the standards established by current Brazilian laws [23] .
The present study developed and validated a methodology to analyze thiametohxam in samples of soil, water and rhizomes and leaves of H. coronarium.
Materials and Methods

Reagents
Spectroscopy grade methanol was purchased from Merck (Darmstadt). Stock mixture of thiamethoxam was constituted from individual solution, dissolved in methanol and then used as external standard. Standard of thiamethoxam was purchased from Sigma Aldrich (99.7%).
Plant Material
Rhizomes and leaves of H. coronarium and soil were collected, respectively, in october 2010 in Dourados city (latitude 22˚09'24.2''S e longitude 54˚57'08.5''W), Mato Grosso do Sul state, Brazil, and authenticated by Msc. Vali Joana Pott of the Federal University of Mato Grosso do Sul (UFMS), Mato Grosso do Sul state, Brazil. Voucher specime (CGMS/31466) was deposited at the Herbarium of the UFMS.
Experiment in a Greenhouse
Nine samples of 1 kg collected soil were placed in plastic cylindrical containers having radius and heights of 9 cm 25 cm, respectively. Of the samples, three were noncontaminated, three were contaminated each with 4.0 mg of insecticide Actara 250 WG (corresponding to 1.0 mg of thiamethoxam) and three were contaminated with 9.6 mg of the insecticide (corresponding to 2.4 mg of thiamethoxam). After contamination of the soil samples, five H. coronarium plants were transplanted to each container, and water was added to maintain the natural environment of the plant. The samples were collected after twenty one days of culture to apply the method of extraction that was developed and validated in this study.
Extraction
Soil
Soil was dried in an oven at a temperature of 40˚C, and then sieved with a mesh of 1 mm. For the extraction of thiamethoxam, 1 g of soil was put in contact with 2 mL of ultra-purified water for 12 hours, after which it was placed in the ultrasound (Ultrasonic Cleaner 1440 D Odontobrás) for 40 minutes and filtered through quantitative paper (porosity: 8 μm). After filtering, to the solid material was added another 1 mL of ultra-purified water for 40 minutes, and the ultrasound was applied prior to filtering through quantitative paper (porosity: 8 μm). The latter extraction process was performed in duplicate. Water was added to the extracts to complete the 10 mL volumetric flask, after which it was filtered through ultra-membrane filter of 0.45 µm and 0.20 µm, and subsequently analyzed with HPLC. Samples that exceeded the analytical curve were diluted and those samples that showed negative response were concentrated in down to 100 µL.
Water
One gram of water was placed in contact with 2 mL of ultra-purified water for 1 hour and after 40 minutes the mixture was subjected to ultrasound and completed with ultra-purified water to a 5 mL volumetric flask, filtered through ultra-membrane filter of 0.20 µm and analyzed with HPLC. Samples that exceeded the analytical curve were diluted and those samples that showed negative response were concentrated to 100 µL.
Leaves and Rhizomes
Samples in nature and powdered of leaves having 0.2 g were placed in contact with 2 mL of ultra-purified water for 40 minutes in ultrasound. Each sample was filtered in quantitative paper (porosity: 8 μm). The solid material was subjected to the same steps above, using first 2 mL and finally 1 mL of ultra-purified water. The samples were completed with water to a 5 mL volumetric flask, and filtered in an ultra-0.20 µm membrane filter prior to analysis with HPLC. The rhizomes (0.2 g) had the same extraction procedure that was applied to the leaves. Samples that exceeded the analytical curve were diluted and those samples that showed negative response were concentrated to 100 µL.
Preparation of Thiamethoxam for Analysis by LC
A sample of 0.2393 g thiamethoxam was dissolved in 5 mL of ultra-purified water, filtered through a 0.45 μm Millex filter. The resulting solution was diluted in water in a volumetric flask of 10 mL (stock solution). The stock solution was dissolved ultra-purified water in order to obtain solutions for analysis with LC.
LC Analysis of Standards and Samples
The aqueous extracts obtained from the samples were analyzed in an analytical LC (Varian 210) system with a ternary solvent delivery system equipped with an autosampler, a photodiode array detector (PDA) monitored at λ = 200 -800 nm, and in an analytical LC (Shimadzu LC-6AD) system with a binary solvent delivery system equipped with an manual injection, a UV-Vis detector (UV) monitored in 254 nm. In both analytical LC equipment, the LC column was a C-18 (25 cm × 4.6 mm; particle size, 5 μm; Luna, Phenomenex, Torrance, CA, USA), with a small pre-column (2.5 cm × 3 mm) containing the same packing, used to protect the analytical column. In each analysis, the flow rate and the injected volume were set as 1.0 mL/min and 20 μL, respectively. All chromatographic analyses were performed at 22˚C. Elution was carried out using the following solvent-gradient program for thiamethoxam: water: methanol (60:40, v/v) by 7 minutes, taking 23 minutes to reach 100% metanol, then returning in exactly 5 minutes to the initial conditions in water and soil (Figures 1 and 2 ) and then returning in exactly 10 minutes to the initial conditions in leaves and rhizomes H. coronarium (Figures 3 and 4) .
Validation Method
The validation procedure was performed according to the International Conference on Harmonization Guidelines (Validation of Analytical Procedures, Text on Validation of Analytical Procedures Q2A and Q2B) [24] . The samples were spiked during a period of 12 hours, after which the extraction was performed as described in Section 2.4.
Determination of the Detection and Quantification Limits
The detection limit was determined by injecting (n = 5) solutions of thiamethoxam of known concentration (20 µL each) and then decreasing the concentrations of the samples until detection of a peak with a signal/noise ratio of 3. The corresponding concentration was considered the minimal detectable concentration. The quantification limit was determined by performing the same methodology and, thus, the quantification limit was defined as the chromatographic peak having a signal/noise ratio of 10. 
Extraction Recovery
The extraction efficiency (recovery) was determined by analyzing aliquots of each sample (water, rhizomes, soil and leaves) spiked with standards corresponding to low, medium and high concentrations. The spiked samples were submitted to the same procedure as described in Section 2.4.
Linearity
The content estimation of the thiamethoxam (1.2 -192.0 µg·L -1 ) in the samples was performed by external calibration. Aliquots of 20 µL of the dilutions was analyzed via LC with each determination being carried out five times. For the standard, the corresponding chromatogram was obtained and a graph was constructed from the mean of the chromatogram areas plotted against the thiamethoxam concentration. A linear least-square regression of the peak areas as a function of the concentrations was performed to determine the correlation coefficients. The equation parameters (slope and intercept) of the standard curve were used to obtain the concentration values for the samples. Specimens with an analytic concentration exceeding the analytical curve were re-assayed upon apropriate dilution of the samples. p 
Accuracy and Precision
The accuracy of the method was evaluated by performing replicate analyses against an analytical calibration curve and calculating the mean percentage differences between the theoretical values and the measured values. The accuracy values in the inter-day variation studies using LC at low, medium and high concentrations of thiamethoxam were evaluated in samples (water, rhizomes, soil and leaves). The precision of the method, expressed as the percentage relative standard deviation (RSD) of the replicate measurements, was tested for inter-day repeatability via LC. The inter-day variability of the method was determined from three different analyses (n = 5) of each sample with an addition of known amounts of analyte at low, medium and high concentrations.
Stability Study
The stability of the working standard solutions was tested at 22˚C (working temperature), 4˚C and -20˚C (storage temperatures). The stability of thiamethoxam in the samples was evaluated during all the storage steps (i.e., at room temperature, at 4˚C and at -20˚C). Spiked samples were analyzed against the analytical calibration curves immediately after preparation (reference values) and after storage. Stability was defined as being less than 2% loss of the initial drug concentration in the stated time.
Results and Discussion
Sample Preparation and LC-UV Analysis
The main objective of this work was developing a rapid, selective and sensitive analytical method including an efficient and reproducible sample for quantitative analysis of thiamethoxam in water, soil, rhizomes and leaves (Figures 1-4) .
Identification of the thiamethoxam with the aid of PDA detector scanning in the spectral range of 200 -800 nm did not reveal interferences in retention time of the extracts of water, soil rhizomes and leaves of H. coronarium in LC by the developed elution method. Thiamethoxam was easily identified based on their absorption spectra in the UV region and in retention time.
Thiamethoxam found in extracts of water, rhizomes, soil and leaves were unambiguously identified by performing co-injection experiments in which aliquots of the extracts and standard were mixed and diluted to a known volume, and analyzed through LC by more than one elution method. Thus, the peak of the chromatogram in Figures 1-4 with retention times tr of 5.25 ± 0.23 min were identified as thiamethoxam. The relative standard deviation for the retention times of replicated injections (n = 5) were less than 2%, thereby demonstrating good repeatability.
Method Validation
Linearity
The calibration curve was determined by linear regression using LC ( Table 1) . The linearity for thiamethoxam (1.2 -192 .0 µg·L -1 ) was assessed for 11 concentration ranges. The average standard errors for the peak areas of replicated injections (n = 5) were less than 1%, thus showing good repeatability of the calibration curve. The respective coefficients of determination was r 2 = 0.9996. The analytical procedure was verified from the linearity of the assayed method as expressed by the correlation coefficient obtained, which was evaluated by analyzing each sample spiked with a known amount of the analyte at low, medium and high concentrations, which showed that the response was proportional to the concentrations of the samples. The respective coefficients of determination were r 2 = 0.9992 for thiamethoxam in soil and water and r 2 = 0.9990 for thiamethoxam in leaves and rhizomes.
Detection and Quantification Limits
The detection limit was 0.36 µg·mL -1 for thiamethoxam based on the signal-to-noise ratio (S\N) for 3 ( Table 1) .
The quantitation limit was defined as the lowest concentration level that provided a peak area with a signalto-noise ratio higher than 10, a precision (% CV) within ±5% and accuracy (% recovery) between 98% and 102%. The quantification limits by LC was 1.20 µg·L -1 for thiamethoxam ( Table 1 ). The results suggest that substances in plants at these concentrations can be estimated accurately.
Extraction Recovery
The efficiency of each analytical procedure was evaluated by calculating the recovery values.
Recovery results were between 81.16% and 99.93%, showing that the procedure employed to extract the thiamethoxam was efficient with a relative standard deviation lower than ±5% ( Table 2) , thus ensuring good recovery of this substance in soil, water, rhizomes and leaves.
Stability
The identification of thiamethoxam and of the samples (extracts of soil, leaves, water and rhizomes in studied) was performed by comparing their retention times with authentic standards through adding standard solutions to the samples analyzed by LC and by comparing its UVVis spectrum [6] . There were no alterations detected in the working solutions of the thiamethoxam prepared after Table 1 24 hours at 22˚C, two months at 4˚C and six months of storage at -20˚C. Therefore, this validated method for the determination of the thiamethoxam can be considered adequate to indicate the stability of the solutions.
Accuracy and Precision
As for the precision of the assay, inter-day coefficients of variation were lower than ±5%. The international acceptance criteria (RSD for precision better than 15% and recovery values) were therefore met [25] . The inter-day variability of the tested method was determined at low, medium and high concentrations. The results are presented in Table 3 . These data indicate that the method was reproducible on three different days.
Contents in Samples of the Thiamethoxam
The results from this method led to a variation coefficient lower than 5% when using the same sample. In the experiment in a greenhouse employing different samples ( Table 4) to measure the contents of thiamethoxam led to variation coefficient lower than 8%, indicating that the plants did not present considerable variations.
Thiamethoxam was quantified from the extracts of leaves of H. coronarium, water and soil that were used in the experiment, but was not identified in extracts of rhizomes of H. coronarium in the experiment in the greenhouse after 21 days ( Table 4) .
Conclusions
The present study makes a contribution to reducing the waste load generated by the use of organic solvents during the stages of preparation of extracts of the analysis from thiamethoxam. This approach requires little organic solvent, which is easily discarded after the preparation steps. To our knowledge, the literature does not report the studies of aqueous extraction of the thiamethoxam in samples. The experiments demonstrated the presence of thiamethoxam in leaves, but not in rhizomes of H. coronarium after the period of twenty one days in the greenhouse. Finally, it is expected that the present approach can contribute to the study of other plant species, water and soil by providing a rapi and important strategy for d the determination of thiamethoxam.
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